Disorders of mitochondrial DNA (mtDNA) maintenance leading to multiple mtDNA deletions are a significant cause of inherited neurologic disease in adults, but the underlying nuclear gene defects remain elusive in many patients. Following the recent description of a truncating mutation in the RRM2B gene-encoding the small subunit, p53R2, of the p53-inducible ribonucleotide reductase protein-in 2 families with autosomal-dominant progressive external ophthalmoplegia (adPEO), 1 we determined the frequency of RRM2B mutations in a large cohort of patients with PEO and multiple mtDNA deletions in muscle in whom mutations in all known candidate genes (e.g., POLG, POLG2, SLC25A4, and PEO1) had been excluded. 2 Methods. We studied 75 unrelated probands with PEO, a mosaic defect of cytochrome c oxidase (COX) activity, and multiple mtDNA deletions in skeletal muscle who had been referred to Mitochondrial Diagnostic Centers at Newcastle, Oxford, or Munich for clinical assessment and histologic/molecular genetic analysis. The entire coding region, including intron-exon boundaries, of the RRM2B gene was determined as previously described. 1 RRM2B exon copy number (exons 1-8) was assessed by MLPA (MRC-Holland kit P089-A1) in patients with single, heterozygous missense mutations.
Results.
We identified 10 different RRM2B variants in 12 subjects, representing 16% of our undiagnosed cohort. The table summarizes these, together with details of the patients' clinical presentation. All 10 RRM2B changes were novel and were absent in 352 control alleles. All 7 missense variants altered amino acids conserved across mammalian species, and all except p.Gly273 were conserved to at least C elegans (figure e-1 on the Neurology ® Web site at www.neurology.org).
Two patients (group A, table) harbored compound heterozygous, missense variants implying autosomal recessive inheritance. Seven patients (group B) harbored single heterozygous, truncating mutations within exon 9 (figure e-2), all of whom had family histories consistent with autosomal dominant inheritance together with supportive genetic segregation data in one family (patient 4). We detected single heterozygous, missense variants in the 3 patients in group C (MLPA excluded exonic copy number variation in trans); however, the pathogenicity of these 3 variants is provisional in the absence of further supporting evidence.
Discussion. Our data confirm a previous report describing dominant RRM2B mutations as an important cause of mtDNA maintenance disorders in adults 1 and provide the first description of recessive RRM2B mutations associated with multiple mtDNA deletions and respiratory chain deficiency.
The clinical spectrum of disease associated with RRM2B gene mutations ranges from a fatal infantile neuromuscular syndrome with renal tubular insufficiency [3] [4] [5] [6] to late-onset PEO. 1 Early-onset mtDNA depletion syndromes due to recessive RRM2B mutations are characterized by myopathy and renal proximal tubulopathy, often exhibit multisystem involvement, and are invariably fatal in early childhood. [3] [4] [5] [6] CNS features may include seizures, 3, 6 hearing loss, 4,5 microcephaly, and global developmental delay. 4 Respiratory insufficiency 3,4,6 and gastrointestinal dysmotility 3,4,6 are not infrequent. Our data confirm that adult-onset adPEO due to RRM2B mutations is associated with a more benign myopathic phenotype and characterized by muscle-restricted, mtDNA deletions. Ptosis and ophthalmoparesis are the predominant clinical characteristics of RRM2B defects in our adult-onset cohort accompanied by mild muscle-related symptoms such as fatigue, bulbar dysfunction, and proximal muscle weakness. In contrast, the 2 childhood onset recessive cases display a variable spectrum of clinical features.
The 2 families previously reported with PEO and multiple mtDNA deletions due to RRM2B mutations were both found to have the same exon 9 truncating mutation, p.Arg327X. 1 We identified 3 different truncating mutations in exon 9 (p.Leu317X, p.Glu318X, and p.Asn322LysfsX4) in 7 cases (group B), thereby establishing this class of mutation as an important cause of adPEO. Two further RRM2B mutationsp.Asn307IlefsX11 and p.Leu317Val-have previously been implicated in recessive mtDNA depletion, highlighting exon 9 as a mutation hotspot in mtDNA maintenance disorders. 4 Mutations in POLG remain the major cause of multiple mtDNA deletion disorders, accounting for some 25% of all patients with mitochondrial disease presentations, 7 followed by dominant PEO1 mutations (ϳ15% of our PEO/multiple mtDNA deletion cohort). 2 We have now identified RRM2B mutations in ϳ9% of patients, since the undiagnosed cohort studied here constitutes ϳ55% of our total cohort with PEO and multiple mtDNA deletions. Consequently, mutations of RRM2B are more common than OPA1, SLC25A4, and POLG2 mutations, c.950delT (p.Leu317X) was shown to segregate with disease in patient 4 and other clinically affected relatives indicated above, all of whom had PEO although muscle biopsy was not performed. c c.583GϾA (p.Gly195Arg) was shown to segregate with disease in patient 11 and his son, although the son's symptoms were mild and a muscle biopsy had not been performed.
which together comprise less than 5% of our patient cohort, and as such sequencing of this gene should be considered in the diagnostic algorithm for multiple mtDNA deletion disorders once POLG and PEO1 mutations have been excluded.
